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Abstract 

OQ ! Within the operator manifold approach developed in the previous part [1] we 

0^ ' consider some key problems of particle physics, particularly, we derive the Gell- 

■ Mann-Nishijima relation and flavour group. This scheme enables to conclude that 

the leptons are particles with integer electric and leptonic charges and free of con- 
finement, while quarks carry fractional electric and baryonic charges and imply the 
Q ■ confinement. We consider the unified electroweak interactions with small number 

, of free parameters. We exploit the background of the local expanded symmetry 

CN | SU(2) eg) U(l) and P-violation. The Weinberg mixing angle is shown to have fixed 

value at 30°. Due to the Bose-condensation of relativistic fermion pairs the Higgs 
. bosons arise on an analogy of the Cooper pairs in superconductivity. Within the 

CN \ present microscopic approach we predict the Kobayashi-Maskawa quark flavour mix- 

ing; the appearance of the CP-violation phase; derive the mass-spectrum of leptons 
£Nj . and quarks, as well as other emerging particles, and also some useful relations be- 

tween their masses. 

00 : 
G\ ■ 

^ ; 1 Introduction 

PS. 

Based on the operator manifold formalism (Part I) [1] in the present paper we develop 
the microscopic approach to the problems of field theory. Although the complete pic- 
| ture is largely beyond the scope of it, nevertheless some key problems are already solved. 

^ ■ The proliferation of lepton and quark flavours prompts us within this framework to con- 

sider the fields as composites. Certainly, it may seem foolhardy to set up such picture 



in the spacetime continuum. The difficulties here are well-known. The first problem is 
closely related to the fact that the expected mass differences of particles would be too 
large (> ITeV). Another problem concerns the transformations of particles. Our idea 
is to remove these difficulties by employing the multiworld geometry. The formalism of 
operator multimanifold yields the multiworld geometry decomposing into the spacetime 
continuum and internal worlds. Thus, all fields including the leptons and quarks, along 
with the spacetime component have nontrivial composite internal multiworld structure. 
While the various subquarks then are defined in the corresponding internal worlds. The 
microscopic structure of leptons, quarks and other particles are governed by the various 
possible conjunctions of subquarks implying concrete symmetries. 

This article is organized as follows: In an enlarged framework of the operator multi- 
manifold we define and clarify the conceptual basis of subquarks and their characteristics 
stemming from the various symmetries of the internal worlds (sec.2). This scheme enables 
an insight to the key concepts of particle physics (sec. 3-9), and to conclude that the leptons 
are particles with integer electric and leptonic charges and free of confinement, while the 
quarks carry fractional electric and baryonic charges and imply the confinement. We de- 
rive the Gell-Mann- Nishijima relation and the flavour group. The multiworld structure of 
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primary field (sec. 10, 11) is described by the gauge invariant Lagrangian involving nonlin- 
ear fermion interactions of the components somewhat similar to the theory by Heisenberg 
and his co-workers [10,11], but still it will be defined on the multiworld geometry. From 
this Lagrangian the whole complexity of the leptons, quarks and their interactions arises. 
The number of free parameters in this Lagrangian is reduced to primary coupling constant 
of the nonlinear interaction and gauge coupling, apart from some additional primary mass 
constants which are not essential for the conclusion. Based on it, we consider the uni- 
fied electroweak interactions (sec. 12-19). It follows that contemporary phenomenological 
standard model of electroweak interactions [4-8] is an approximation to the suggested mi- 
croscopic approach. We exploit the background of the local symmetry SU loc (2) £g> U loc (l) 
(sec. 12), the weak hypercharge and P (mirror symmetry)-violation (sec. 13). The Wein- 
berg mixing angle determining the symmetry reduction coefficient is shown to have a value 
fixed at 30°. We develop the microscopic approach to the isospinor Higgs boson with self- 
interaction and Yukawa couplings (sec. 14, 15). It involves Higgs boson as the collective 
excitations of bound quasi-particle pair. Tracing a resemblance with the Cooper pairs 
[17-19], within the framework of local gauge invariance of the theory incorporated with 
the phenomenon of P-violation in weak interactions we suggest a mechanism providing 
the Bose-condensation of relativistic fermion pairs. Unobserved effects produced by ready 
made Higgs bosons are suppressed. Finally we attempt to predict the mixing angles in the 
six-quark KM model (sec. 17), the appearance of the CP-violation phase (sec. 18), derive 
the mass-spectrum of leptons and quarks and other emerging particles, as well as some 
useful relations between their masses (sec. 19). 

2 Subquarks and Subcolour Confinement 

Since our discussion within this section in many respects is similar to that of sec. 3,4 in [1], 
here we will be brief. According to our strategy we admit that the 77-type (fundamental) 
regular structure forms a stable system with infinite number of distorted *M-type ordinary 
structures of different species (i — 1, . . . , N). In this stable system the flat multimanifold 
G N is realized (eq. (4.3.6) in [1]) 

G N = G©G© ■ • ■ © G ■ 

V Ml MAT 

We assume that the distortion rotations (G — > G) through the angles l 9 +k and l 9_ k k = 

Ui Ui 

1, 2, 3 occur separately in the three dimensional internal spaces R 3 and R 3 composing six 

Ui_ 

dimensional distorted submanifold G = R 3 © R 3 ■ Furthermore, for the rotation angles 

Ui U iJr Ui_ 

we take the ansatz 

*9 ±k = 6 0m f9 ±k (r}) + (1 - 6 0m c) W ±k . (2.1) 

Here 5 is the Kronecker symbol, the angles l 6± k {rj) and l 6± k are respectively local and 
global (specified by (c)), and 

mrf(0)^ u /f(0), (2.2) 

where p u . = i^ Xc ^d eq. (4.2.5) [1], * ^(0) is the plane wave function of state of regular 
ordinary structure. Then, the distortion rotations are local in the internal world if ml = 0, 
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and global otherwise. As it is exemplified in sec. 4 in [1], the laws apply in use the 
wave packets constructed by superposition of the link functions of distorted ordinary 
structures furnished by generalized operators of creation and annihilation as the expansion 
coefficients 



(2.3) 



etc. The fields l ty(0 + k) and l \I/(0_fc) are defined on the distorted internal spaces R 3 and 
i? 3 . The generalized expansion coefficients in eq.(2.3) imply 

< X- I { l l [+a \vu^ 8i), 3 i k ' (p' Uj , 4)} | *_ >= -SijS^SafiPfat - p' Ui ). (2.4) 
The condition eq. (4.3.5) in [1] of multiworld geometry realization reduces to 



N 

E^ 

i=l 



iim (f( i e + - i e.) 



= lim G(r)f-Vf), 



(2.5) 



M 2 

provided = — ^. Taking into account the expression of causal Green's function for given 

u 2 

(0 



u iF J (2ir) 1 u +p u +p 



in the case 



lim 

inv, 



G (u h -u i2 )/G (Vf-Vf) 

i u H F F 



(2.6) 



= lim 



U 



'2 



G « (Vf-Vf) 

V 1F 1 F 



one gets 



(2.7) 



So, in the context of multiworld geometry it is legitimate to substitute a term of quark (q^) 
defined in sec. 3 in [1] by subquark ('?&). Everything said will then remain valid, provided 
we make a simple change of quarks into subquarks, the colours into subcolours. Hence, 
we may think of the function l \f/( l Q +k ) as being -u-component of bispinor field of subquark 

u 

( l q k ) of species (i) with subcolour k, and respectively l ^i( l Q- k ) -conjugated bispinor field 

u 

of antisubcolour (k). The subquarks and antisubquarks may be local ( l qk) or global ( l q k )- 
Then, the subquark ( l qk) is the fermion with the half integer spin and subcolour degree 
of freedom. According to eq.(2.7), they obey a condition 



E l( ik P l Qk P - E Vfcp y fc P 



mv. 



(2.8) 
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To trace a resemblance with sec. 3 in [1], the internal symmetry group l G = U(l), 577(2), 
SU (3) enables to introduce the gauge theory in internal world with the subcolour charges 
as exactly conserved quantities. Thereto the subcolour transformation are implemented 
on subquark fields right through local and global rotation matrices of group % G in funda- 
mental representation. Due to the Noether procedure the conservation of global charges 
ensued from the global gauge invariance of physical system, meanwhile reinforced require- 
ment of local gauge invariance may be satisfied as well by introducing the gauge fields 
with the values in Lie algebra l g of group l G. 

3 The Multiworld Structures: Leptons and Quarks 

For our immediate purpose, however, we shall consider the collection of matter fields 
\P(C) with nontrivial internal structure \&(C) = V&fa) 1 ^(^i) ' ' ' N ^(On)- We suppose 

Tj U U 

that the component is made of product of some subquarks and antisubquarks 

u 

1 fy( l 0) = 1 fy({ l q}, {*<?})• The fields of subquarks % q and antisubquarks l q form the mul- 

tiplets transforming by fundamental l D(j) and contragradient l D(j) irreducible repre- 
sentations of group l G. Hereinafter we admit that multiworld index (i) will be running 
only through i — Q,W, B, s, c, b, t specifying the internal worlds formally taken to denote 
in following nomenclature: Q-world of electric charge; W-world of weak interactions; B- 
baryonic world of strong interactions; the s,c,b,t are the worlds of strangeness, charm, 
bottom and top. Also we admit that m\ = for % — Q,W, B and m\ ^ for % = s, c, b, t, 
where mf is given by eq.(2.2). According to the ansatz eq.(2.1), the distortion rotations in 
the worlds Q,W and B are local l 0±kij])i while they are global in the worlds s,c,b,t. Below 
we introduce the fields of leptons (I) and quarks (qj) with different flavours f=u,d,s,c,b,t. 
To develop some feeling for this problem and to avoid irrelevant complications, now we 
may temporarily skeletonize it by taking the leptons have following multiworld structure: 

1 = M0 = *(v)*(uq)*(uw), (3.1) 

V Q W 

while the quarks are in the form 

If = */(C) = * fa) %{uw) Mu B )q c f , (3.2) 

V Q W id 

where the superscript (c) specified the worlds in which rotations are global 

<l C u = ( ld= 1, fa = ^ C (u s ), q c c = ^ c (m c ), ql = ^ c (u b ), q c t = ^ c (u t ). (3.3) 

We can take this scheme as a starting point for our considerations. 

We assume that none of these components is accidentally zero and implies 

^(•••A 1 ,---Oi n ,---) i * B (---A 1 ,---o in ,---) = 8 ij E fu Bl (m), (3.4) 

u u , . 

t=ll,...,l n 

namely, the contribution of each individual subquark 1 qi, into the component of given 
world (i) is determined by the partial formfactor, (invariant charge) f£ B . A fascinating 
opportunity has turned out to infer these formfactors if we assume that this contribution is 
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completely governed by the rules of nonlinear processes. Then we may utilize the equations 
of functional autoduality [12] adopted to describe a wide class of nonlinear processes with a 
different dynamical properties, including also the problems of renormalization in quantum 
field theory [13,14] and radiative transfer [15]. The significant feature of these equations 
is their universal character, namely they are independent from the details of concrete 
physical problems. Drawing the analogy with radiative transfer in the problem of diffuse 
reflection and transmission of reduced incident flux /, which penetrates to the depth r, 
we consider, in general, a plane-parallel medium of finite thickness r + r and ask for 
the intensity diffusing reflected and the intensity diffusing transmitted f^ B = / below 
the surface r . Tracing the implications of the principles of invariance [16] in radiative 
transfer, the nonlinear functional equations for the scattering and transmission functions 
are derived in [15], which turned out to be identical to those of corresponding equations 
of renormalization group [17]. The basic functional equation governing the functions / 
may be written 

/ (r, r , /) = f(r- t, r - t, f (t, r , /)) , (3.5) 
This equation is identical to functional equation of renormalization group for the massive 



2 

m 



invariant charge , where r — > In — — and r = In x 

\ 2 

f (x, y, f) = f (x/i, y/t, f (£, y, /)) , (3.6) 
provided f(l,y,f) = f. Reviewing the notation A is taken to denote the normalization 

2 2 

momentum, x = — and y = are the dimensionless momentum and mass parameters. 

The other case of massless invariant charge corresponds to the particular problem of dif- 
fuse reflection and transmission by semi-infinite medium. The basic differential equation 
can be obtained by differentiating functional equation with respect to £ and passing to the 
limit £ = 1. In the aftermath one gets the well-known equation of Ovsyannikov-Kcillen- 

Symanzik, the solution of which can be written only if the function (3 = 



is known. 

The explicit forms of the functions ty(ui) determining microscopic structure of concrete 

i 

fields will be important subject for discussion in the next sections. Here, we just merely 
point out that due to concrete symmetries of internal worlds, the multiworld structure 
of leptons eq.(3.1) and quarks eq.(3.2) will come into being if only following two condi- 
tions would be satisfied, namely, besides the multiworld geometry realization requirement 
eq.(2.5) a condition of multiworld connections must be held too, which will be discussed 
in section 5. 



4 The Rotational Modes 

We assign to each distortion rotation mode in the three dimensional spaces R 3 and R 3 

a scale 1/3, namely each of the subquarks associated with the rotations around the axes 
of given world carries the corresponding charge in the scale 1/3 ; antisubquark carries 
respectively the (—1/3) charge. In the case of the worlds C=s,c,b,t, where distortion 
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rotations are global and diagonal with respect to axes 1,2,3, the physical system of cor- 
responding subquarks is invariant under the global transformations fc\@ c ) of the global 
unitary group SU§: 



A3) 

Ic 



(fii 





o ^ 
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= exp < 











V o 





fs3 J 
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where /£> (f^) =1, ||/ ( 
9 C = 9\ = 6%, then one gets 



1. That is 01 + 0^ + 6% = 0. The simplest possibility is 



fc ] = exp 



\ 



9 C 



exp 



(4.1) 



. (I 
^010 
6 \0 -2/ 

provided with the operator of hypercharge Y c of diagonal group SUf. If all worlds are 
involved, then Y c = s + c + b + 1 The case of Q-world, which makes a substantial 
contribution into the condition of multiworld connections will be discussed in detail in 
next section. We only notice that conservation of each rotation mode in Q- and B- 
worlds, where the distortion rotations are local, means that corresponding subquarks 
carry respectively the conserved charges Q and B in the scale 1/3, and antisubquarks - 
(—1/3) charges. It will be provided by including the matrix As as the generator with the 
others in the symmetries of corresponding worlds (Q, B), and expressed in the invariance 
of the system of corresponding subquarks under the transformations of these symmetries. 
The incompatibility relations eq. (3.5.5) in [1] for global distortion rotations in the worlds 
C=s,c,b,t reduced to 



where 



(3) | 



fl if 22 ~ 
/l 1/22/33 = 1> 



/33' ^22/33 
fc Ic 

J a J a 



fiii /33/11 — /: 



22) 



1,2,3. This means that two sub- 



1 for % - 

colour singlets are available: {qq)1 = inv, (qi&CLzY = inv, carrying the charges C^y. = 
C (qiq2q 3 ) c = l - We make use of notation {qq)1 = c qi%, {qiq2qzY = c qi c q2 C qz- Including 
the baryonic charge into strong hypercharge 



Y = B + s + c + b + t, 



(4.2) 



we conclude that the hypercharge Y is a sum of all conserved rotation modes in the 
internal worlds B,s,c,b,t involved in the multiworld geometry realization condition eq.(2.5) 
(see eq.(5.2)). 



5 Realization of Q- World and Gell-Mann-Nishijima 
Relation 

The symmetry of Q-world of electric charge is assumed to be a local unitary symmetry 
diag ySU loc (3)^j is diagonal with respect to axes 1,2,3. The unitary unimodular matrix 

(3) 

/q of local distortion rotations takes the form 
(f?i 

/ 2 Q 2 I = Q ie -^ + Q 2 e~^ + Q 3 e~ Ws = e~ tQe = e 



/ 



(3) 



V 
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where /<f (ff) + = 1, ||/ Q 3) || = 1, provided 

/l 0\ /0 i 

Qi = , Q 2 = 1 1, Q 3 






and #i + # 2 + #3 = 0. Taking into account the scale of rotation mode, in the other than 

1 2 
eq.(4.1) simple case 6 2 = #3 = — -Qq, it follows that Q\ = -9q. Among the generators 

o o 
of the group SU (3) only the matrices A3 and As are diagonal. Then the matrix Aq may 

be written Aq = -A 3 H ^A 8 . Making use of the corresponding operators of the group 

2 2y3 

577(3) we arrive at Gell-Mann-Nishijima relation 

Q = T 3 + W, (5.1) 

where Q = Aq is the generator of electric charge, T 3 = -A3 is the third component 

1 

of isospin T, and Y = —i=Xs is the hypercharge. The eigenvalues of these operators 

v3 

will be defined later on by considering the symmetries and microscopic structures of 
fundamental fields. We think of operators T 3 and Y as the multiworld connection charges 
and of relation eq.(5.1) as the condition of the realization of multiworld connections. Thus, 
during realization of multiworld structure the symmetries of corresponding internal worlds 
must be unified into more higher symmetry including also the A3 and Ag. Meanwhile, 
the realization conditions of multiworld structure are embodied in eq.(2.5) and eq.(5.1), 
provided by the conservation law of each rotational mode eq.(4.1) in the corresponding 
internal worlds involved into condition eq.(2.5). For example, in the case of quarks eq.(3.2) 
and eq.(3.3), the eq.(2.5) reads 

E ^G e (0)=G (0), (5.2) 

i=B,s,c,b,t lF VF 

and according to eq.(4.2), the Gell-Mann-Nishijima relation is written down 

Q = T 3 + ^(B + s + c + b + t). (5.3) 

The other case of leptons eq.(3.1) closely related to the realization of W- world of weak 
interactions will be discussed in detail separately. The realization condition reduces to 
following: 

G e (0) = G (0), u = uq, (i = Q) (5.4) 

Q f '"IF 

and 

Q = T™ + V, (5.5) 

— * 

where and Y w are respectively the operators of third component of weak isospin T w 
and weak hypercharge (sec. 6, 12). The incompatibility relations eq. (3.5.5) in [1] for the 
local distortion transformations in Q-world lead to 

f Q -cQ _ IQ tQ -f-Q _ fQ fQ fQ _ IQ 
J11J22 — J33) J22J33 — in> J33./11 — i22> 
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where fjjf9 = 1, for i = 1, 2, 3, ||/q|| = /n/22/33 = !■ This suggests two sub colour 
singlets (qq)f = inv, (<?i<?2<?3) Q = inv. The corresponding electric charges are Q^Q = 
0, Q( qiq2 q 3 )Q = 1- Using orthogonal unit vectors Lj the following subcolour singlets arise: 
= Li (gg)° and (q^qs)? = U (qiq 2 qz) Q , that 

(?i?2? 3 )i Q = (/8/S/S) {qiq2qz) Q = (fnfn?i) ^2^3 = (919293)? = ™, (5.6) 

etc, where f§f§ = Li/S/S/S = L t fS f§ for given i. According to it, in singlet combina- 
tions (?i?293)i and (??)? only i-th subquark undergoes distortion transformations, which 
can be considered as the real dynamical field. 

6 The Symmetries of the W- and B- Worlds 

6.1 The W- World 

It will be seen in sec. 12 that the symmetry of W-world of weak interactions is SU loc (2) ® 
U loc (l), invoking local group of weak hypercharge Y w (U loc (l)). However, for the present 
it is worthwhile to restrict oneself by admitting that the symmetry of W-world is simply 
expressed by the group of weak isospin SU loc (2). Namely, we start by considering a 
case of two dimensional distortion transformations through the angles 9± around two 
arbitrary axes in the W-world. In accordance with the results of sec. 3 in [1], the fields of 
subquarks and antisubquarks will come in doublets, which form the basis for fundamental 
representation of weak isospin group SU loc (2). The doublet states are complex linear 
combinations of up and down states of weak isotopic spin. Three possible doublets of six 

subquark states are f ^ 
V ^ 

6.2 The B-World 

The B-world is responsible for strong interactions. The internal symmetry group is 
SU l c ° c (3) enabling to introduce gauge theory in subcolour space with subcolour charges 
as exactly conserved quantities (sec. 3 in [1]). The local distortion transformations imple- 
mented on the subquarks (qi) B , i — 1,2,3 through a SU l ° c {3) rotation matrix U in the 
fundamental representation. Taking into account a conservation of rotation mode (sec. 4), 
each subquark carries (1/3) baryonic charge, while an antisubquark - (—1/3) baryonic 
charge. 

7 The Microscopic Structure of Leptons: 
Lepton Generations 

After the quantitative discussion of the properties of symmetries of internal worlds, below 
we attempt to show how the known fermion fields of leptons and quarks fit into this 
scheme. In this section we start with the leptons. Taking into account the eq.(3.1), 
eq(5.4), we consider six possible lepton fields forming three doublets of lepton generations 
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, where 





= $ (77) (qiqi) Q (qi) w 


= L e m M(qq) Q (qi) w , 


e e 


Vue n 
= | (V) (qiq2qs)?(q2) w 


= L e | (77) (gig 2 g 3 ) Q (g 2 r, 




= V i (v)(q2q-2) Q (q2) w 


= fa) (gg)«(g 2 )<», 


fi 


= * fa) (si^rffer 


= (77) (<M 2 g 3 ) Q ter 


V T 


= * (v)(qsqs) Q (qs) w 


= L T ^ (r)){qq) Q {q 3 ) w , 


T : 


= # (77) (919293)3 


= L T m (77) (gig 2 <73) Q (gir 



(7.1) 



Here e,//,r are electron, muon and tau meson, v e ,v^v T are corresponding neutrinos, 
L e ee LijLp ee L 2 , L T ee L 3 , are leptonic charges. The leptons carry leptonic charges as 
follows: the e and v e — > L e = 1; // and 1^ — > L M = 1; r and z/ r L T = 1. The leptonic 

charges are conserved in all interactions. The leptons carry also the weak isospins: Tf = — 

1 

for is e , v T \ and T™ = — - for e, //, r. Corresponding electric charges are as follows: 

<5z/ e = <3^ M = <5^ T =0, Qe = Qii = Qr = -1- The Q-components \&(uq) of lepton 

Q 

fields eq.(3.1) are made of singlet combinations of subquarks in Q-world. They imply 
subcolour confinement eq.(5.4). Then the multiworld geometry realization condition is 
already satisfied and leptons may emerge in free combinations without any constraint. 
Thus, in suggested theory there are three possible generations of six leptons with integer 
electric and leptonic charges and being free of confinement. 



8 The Microscopic Structure of Quarks: 
Quark Generations 

We assume that the microscopic structure of 18 possible multiworld quark fields is as 
follows: 



f Mi eevI/ (v)(qiq2) Q (qi) w (qf), 
d t ee * (77) (q 3 ) Q (q 2 ) w (q?), 
U = I (77) {q 3 qi) Q {q 3 ) w {qf){q\ 
bi = l\v) (q2) Q (qi) w (q?)(q c b ), 

rib 



a ee 1 (77) (g 2 g 3 ) Q (g 2 Hgf)(g c c ), 

* = * fa) (?i)«(fc)"(«f)(E), 



(8.1) 



where the subcolour index (i) runs through i = 1,2,3, the (qj) are given in eq.(3.3). 
Henceforth the subcolour index will be left implicit, but always a summation must be ex- 
tended over all subcolours in B-world. These fields form three possible doublets of weak 

Ml / C I ft 



isospin in the W-world 



d 



The quark flavour mixing and similar 



issues are left for treatment in sec. 17. The corresponding electric charges of quarks read 

2 1 
Qu — Qc — Qt — o> Qd = = Qb = — , in agreement with the rules governing 
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the multiworld connections eq.(5.5), where the electric charge difference of up and down 
quarks implies AQ = AT% = 1. The explicit form of structure of (qf) will be discussed 
in next section. Here we only notice that all components of (qj) are made of singlet com- 
binations of global subquarks in corresponding internal worlds. They obey a condition 
of subcolour confinement. According to eq.(5.2), the subcolour confinement condition for 
B- world still remains to be satisfied. Due to it the total quark fields obey confinement. 
Then quarks would not be free particles. Unwanted states (since not seen) like quarks or 
diquarks etc. are eliminated by construction at the very beginning. Thus, three quark 
generations of six possible quark Fermi fields exist. They carry fractional electric and 
baryonic charges and imply a confinement. Their other charges is left to be discussed 
below. Although within considered schemes the subquarks are defined in the internal 
worlds, however due to eq.(2.1) the resulting 77-components , which we are going to deal 
with to describe the leptons and quarks defined in the spacetime continuum, are com- 
pletely affected by them. Actually, as it is seen in subsec.3.3 and 3.4 of [1] the rotation 
through the angle 9 +k yields a total subquark field 

T] U 

where \|> is a plane wave defined on G- According to subsec.3.3 in [1] and eq.(2.1), one 
gets 

q k (9(r])) = (%)) = q (9( V ))^, q (%)) = / (+) (0 +Jfc fa))*°, 

V u k V k u V k V 

where \1> is a plane wave defined on G- The Q {9{rj)) is considered as the subquark 

U U T) j, 

field defined on flat manifold G with the same quantum numbers of q (9(r))). Due to it, 

v ' u k 

instead of the eq.(7.1) and eq.(8.1) we can consider on equal footing only the resulting 
^-components of leptons and quarks having the same structures, which enable to return 

to the Minkowski spacetime continuum G — > M 4 (subsec.2.1 in [1]). 

v 



9 The Flavour Group 577/(6) 

We may think of the field component (qj) (f=u,d,s,c,b,t) eq.(3.3) associated with the 
global distortion rotations in the worlds s,c,b,t having following microscopic structure 
with corresponding global charges: 

<fu = <fd = !> € = ioMolY , s = -1; q c c = {qlq^f , c = 1; 

q c b = (qMqlf , & = -i; q c t = (qtq^tf , t = 1. { ' ' 

During the realization of multiworld structure the global symmetries of internal worlds are 
unified into more higher symmetry including the generators A 3 and A 8 (sec. 5). This global 
group is the flavour group SUf(6) unifying all symmetries SUf of the worlds Q,B,s,c,b,t: 
ST// (6) D SU f (2) ® SU% ® SU C S ® SlJc <g> SU£ ® SUjr Then the total symmetry reads 
G tot = G loc ® G3 lob = G loc ® SU f (6), provided G loc = SU loc (3) ® G^ c , where G l ° c is the 
local symmetry of the electroweak interactions (sec. 12). The other important aspects of 
standard model are left for investigation in the next sections. However, below we pro- 
ceed with further exposition of our approach to consider a gauge invariant Lagrangian of 
primary field with multiworld structure and nonlinear fermion interactions of the compo- 
nents. 



10 



10 The Primary Field 

All fields including the leptons eq.(7.1) and quarks eq.(8.1), along with the spacetime 
components have also multiworld components made of the various subquarks defined 
in the corresponding internal worlds, namely, the internal components are consisted of 
distorted ordinary structures 

m = ^(rj) m Q ) Me w ) m B ) (10.1) 

V Q W B C 

The components ty(9n), ^f(9w), ^(Ob) are primary massless bare Fermi fields, but the 

Q W B 

component ^(6> c ) has a mass ml ^ eq.(2.2). We assume that this field arises from 

primary field in lowest state (sq) with the same field components consisted of regular 
ordinary structures. It is motivated by the argument that the regular ordinary structures 
directly could not take part in link exchange processes with the 77-type regular structure 
[1]. Therefore the primary field defined onGjv 

#(0) = ttfa) *(0) (0) (0) *(0) (10.2) 

V Q W B C 

serves as the ready made frame into which the distorted ordinary structures of the same 
species should be involved. We now apply the Lagrangian of this field possessed local 
gauge invariance 

L (D) = l -{y e (0 *7£>*e(0 " D* e (0 WO}- (10.3) 

A i i 

The latter is in the notation eq. (4.2.3) in [1], where D = d — 2<?B(C), B are gauge 

it i i 

fields. Since the components \p and \fr will be of no consequence for a discussion, then 

b c 

we temporarily leave them implicit, namely % = Q,W. The equation of primary field 
of multiworld structure with nonlinear fermion interactions of the components may be 
derived from an invariant action in terms of local gauge invariant Lagrangian, which 
looks like Heisenberg theory [2,3] 

L(D)=L {D)+L I + L B , (10.4) 

provided by the Lagrangians of nonlinear fermion interactions of the components Lj = 
V20i <E> Li, and gauge field Lb = V%Oi ® Lb- The binding interactions are in the form 

= L + L , L — — (j J + + J J + ), L = — SwS w , 

Qj Wi Qj 4 q l q r Q rQ l wi 2 (io.5) 



where 



L B = --TY(BB) = —-TV ( BB 



1 1 



J =VTA, V =^la a )^, V + = V (Xa) = * 7 (Aa) * 

QL,R Q_ Q Q(Xa) Q Q Q (Aa) Q Q _Q 

A =j7(Aa)75^, A + =A (Xa) = J 7 5 7 (Aa) ^, S w = £y, 
Q(\a) Q Q Q {Xa) Q Q Q WW 
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7 M and 75 = 270717273 are Dirac matrices. According to Fiertz theorem the interaction 

Lagrangian L = — (VV + — AA + ) may be written L = —\(SqSq — PqPq), provided 
Qj 2^ Qj 

S Q = # P Q = 75 * . Hence 

Q Q Q Q 

L(D) = V20 1 ®L(D), L(D) = L(D) - L(D) - L{D), (10.6) 

J? J? Q Q WW 



where 



Here 



and 



L(D)=L'^(D)- 1 -Tr(BB) } UD) = L' $>\d) - L — ^Tr(BB), 

^ »7 i) 2 v V Q Q Q Q Qj 2 QQ 

L{D) = L'f\D)-L -^Tr(BB). 
ww w w wi 2 ww 



U (o) = 7 1> m - * 7 S ^} = ^ + l (0) *, 

»7 2 ^ mj7 m 

(°> = 7I) * - * 7 ^ = ^ + L (0) 



L (o) = * ^ 7 £) ^ - ^ 7 S = 7 £) # - * 7 5} 

»? 2 Vr)T)VVv "0 2"«m uu m 



The Lagrangian eq.(10.6) has the global 75 and local gauge symmetries. We consider only 

75 symmetry in Q-world, namely B = 0. 

Q 

According to the operator multimanifold formalism (subsec.4 in [1]), it is the most impor- 
tant to fix the mass shell of the stable multiworld structure (eq.(4.2.1) in [1]). Thus, at 
first we must take the variation of the Lagrangian eq.(10.3) with respect to primary field 
eq.(10.2) (eq. (4.2.2) in [1]), then switch on nonlinear fermion interactions of the compo- 
nents. In other words we take the variation of the Lagrangian eq.(10.6) with respect to 
the components on the fixed mass shell. The equations of free field (B = 0) of multiworld 
structure follow at once 

p* e (C) = i id * e (C) = i W e (C) = 0, * e ? = -id* e *7 = 0, (10.7) 

i i 

which lead to separate equations for the massless components \fr and xp: 

V Q W 

7 (Aa) p =i „Qty = Q 7 p^ = ^ 7(9 ^ = 0) 7 p^, = ^ 7(9 ^ = 0. (10.8) 

V(x a ) V r, r) QQ QQ WW WW 

The important feature is that the field equations (10.7) remain invariant under the sub- 
stitution \I/( ) — > \&( m \ where vf^ and are respectively the massless and massive 
Q Q Q Q 

Q-component fields, to which merely the substitution — > \f( m ) is corresponded. Thus, 

v v 

in free state the massless field components \[/, if and \[/ are independent. Due to eq.(10.8), 

v Q w 

the Lagrangian 

L' (0) = q + L {0 H - ^ + L (0) = ^ + L (0) ^ - ^ + (L (0) + L (0) ) (10.9) 

u r? o u Tj u o Tj u rj Q u -q Q Q Wq V 
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reduces to the following: 

L' <°) = L (0) - L (0) = L (0) - L (0) - L {0) . (10.10) 
M o »? Qo w o 

Thus, we implement our scheme as follows: starting with the reduced Lagrangian L' ^ 
of free field we shall switch on nonlinear fermion interactions of the components. After 

a generation of nonzero mass of \1> component in Q-world (next sec.) look for the corre- 

Q 

sponding corrections via the eq.(10.9) to the reduced Lagrangian eq.(10.10) of free field. 
These corrections mean the interaction between the components governed by the eq.(10.7) 
and eq.(10.9), and do not at all imply a mass acquiring process for the 77-component (see 
eq.(11.6)). 



11 A Generation of Mass of Fermions in Q- World 

We apply the well known Nambu-Jona-Lasinio model [18] to generate a fermion mass 

in the Q-world and start from the chirality invariant total Lagrangian of field iff : L = 

Q Q 

— L , where primary field v]/ is massless bare spinor implying 75 invariance, i.e. it is 

an eigenstate of chirality. However, due to interaction a rearrangement of vacuum state 
caused a generation of nonzero mass of fermion such like to appearance of energy gap in 
superconductor [9-11]. The energy gap in BCS-Bogoliubov theory of superconductivity 
is created by the electron-electron interaction of Cooper pairs. Pursuing this analogy in 
[18,19] it was assumed that the mass of Dirac quasi-particle excitation is due to some 
interaction between massless bare fermions, which may be considered as a self-consistent 
(Hartree-Fock) representation of it. This approach based on the main idea that due to 
a dynamical instability the field theory in general may admit also nontrivial solutions 
with less symmetry than the initial symmetry of Lagrangian, Namely, it is considered 
such possibility that the field equations may possess higher symmetry, while their solu- 
tions may reflect some asymmetries arisen due to fact that nonperturbative solutions to 
nonlinear equations do not in general possess the symmetry of the equations themselves. 
In [18,19] the solution of massive fermion is obtained which lack the initial 75 symme- 
try of the Lagrangian. On the analogy of Gor'kov's theory [20,21] it is shown that if 
one takes into account only the qualitative dynamical effects connected with rearrange- 
ment of vacuum state, in addition to the trivial solution of equation of massless fermion 
a real Dirac quasi-particle will satisfy the equation with non-zero self-energy operator 
£(p, m, A, A) depending on mass (m), coupling constant (A) and cut-off (A). In the mean 
time A = XT(m, A, A), where A is a bare coupling, T is the vertex function. This the- 
ory leads to the expression of self-energy operator Eq for the field In lowest order it 

Q 

is quadratically divergent, but with a cutoff can be made finite. Making use of passage 

G — > M 4 (subsec.2.1 in [1]), one shall proceed directly with the calculation. In momentum 

Q Q 

space one gets [18,19] 

S Q =m Q = --^ / 2 mQ 2 -F(p Q ,A)d 4 p Q , (11.1) 

(27r) J Vq + m Q — is 
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1 ~F 75 

where F(pn, A) is a cutoff factor, m Q —\ An I, An = 4A < , \[/ + >, x]/ = vp 5 

Qr Ql Ql,r 2 Q 

< • • • > specifies the physical vacuum averaging. Besides of trivial solution mg = 0, this 

equation has also nontrivial solution determining run in terms of A and A. Straightforward 

2vr 2 m 2 /A 2 \ 

calculations with invariant cutoff yield the relation — — - = 1 In — tt + 1 . The 

AA 2 A 2 \m Q J 

AA 2 

latter is valid only if — - ~ 1. After a vacuum rearrangement the total Lagrangian 

27T 2 

of initial massless bare field vp° gives rise to corresponding Lagrangian L*-" 1 -* of massive 

Q Q 

field vpM : i = L <fi) - L = L M describing Dirac particle hp Q - £ Q )vP (m) = 0. 
Q Q Qq Qf Q Q 

In lowest order Sq = mq <C A -1 / 2 . Within the refined theory of superconductivity, 

the collective excitations of quasi-particle pairs arise in addition to the individual quasi- 

particle excitations when a quasi-particle accelerated in the medium [11, 22-26]. This leads 

to the conclusion [18,19] that, in general, the Dirac quasi-particle is only an approximate 

description of an entire system with the collective excitations as the stable or unstable 

bound quasi-particle pairs. In a simple approximation there arise CP-odd excitations 

of zero mass as well as CP-even massive bound states of nucleon number zero and two. 

Along the same line we must substitute in eq.(10.7) the massless field vp(°) = vp vp(°) vp by 

v Q w 

massive field vp( m ) = vp vp( m ) vp. Then, we obtain 

V Q W 

lP Q q (m) = £ tt (m) , ip w y (m) = 0, ip^ (m) = (lP Q + lPw)^ (m) = S Q ^ (m) . (11.2) 

Q Q 
This applies following corrections to eq.(10.9): 

ll ( m ) = vp+^M vp = ^ + (L {0) - S Q vp xjr) vp ->• L (0) - 

r) Q u r) Q u u ri Q V V « Vo /-i -1 o\ 

U M = (vpvp)+LM(vpvp) = (^^)+(L (0) - £ Q vpvp)(vpvp) -> L (0) - X Q vpvp, 
where suffix (m) in vp( m ) is left implicit. Such redefinition vp(°) — > vp( m ) leaves the structure 

Q Q 

of that part of Lagrangian eq. (10.10) involving only the fields vp and vp unchanged 

L = L (0) - L (0) = f L (0) - XqM) - f L (0) - XqM) = L (m) - L (m) , (11.4) 
Wo V^o / Vu-o / »?o Wo 

where the component vp is left implicit. The gauge invariant Lagrangian eq.(10.6) takes 

Q 

the form 

L(D) = L(D) — L(D), (11.5) 
v v WW 

where upon combining and rearranging relevant terms we separate the Lagrangians 

LCD) = % -{^> ID vp - vp 7 ^ vp} - / Q vpvp - ^Tr(BB) (11.6) 

L(D) = ^ lD vp - vp 7 *D vp} - S Q vpvp _ ^S W S W + - ^Tr(BB), (11.7) 
w w 2 w w w w w w 2 2 ww 



14 



provided f Q = T, Q (p Q , m Q , A, A), = ijnp . 

v w 

The eq.(11.5) is the Lagrangian that we shall be concerned within the following. The 
self-energy operator Sq takes into account the mass-spectrum of all expected collective 
excitations, which arise as the poles of the function Sq. At Sq ~ tjiq <C A, in eq.(11.7) 

we may use the approximation Y*Q^fty = Xq^ + * — ^Q^^- The Lagrangians 

eq.(11.6) and cq.(11.7) will be further evaluated. 



12 The Electroweak Interactions: the P- Violation 

The standard model of the unified SU(2)(B)U(1) gauge theory of weak and electromagnetic 
interactions [4-8] and the colour SU(3) gauge theory of strong interactions [27-36] have be- 
came generally acceptable paradigm as the view on particles and interactions in the various 
models of the same class. Their phenomenological success, which suggests that the effec- 
tive gauge group at ordinary energies is SU (3) ® 577(2) <g)£/(l) seemed to be proven for cer- 
tain by many experiments. Below we extend our approach to the pertinent concepts and 
ideas of the unified electroweak interactions. We start with the idea that the local rotations 
in W- world are occurred at very beginning only around two arbitrary axes (sec. 6), namely 
DimW 1 ^) = N( q w >q w) = 2, where N is a subquark number, Dim is a dimension of local rota- 
tions. The subquarks come up in doublets forming the basis of fundamental representation 

\ w 



of weak isospin group SU(2) g[" 2) = y J • The transformations U of local group 577 (2) 

are implemented upon the left- and right-handed fields q L>R (T w ) = q^(T w ). If P- 

symmetry holds, one has q' L R = U qL,R, U G SU loc (2). But, under such circumstances 
the weak interacting particles could not be realized, because the condition of multiworld 
connections eq.(5.5) still not yet satisfied. A simple way of effecting a reconciliation is 
to assume that during a realization of weak interacting fermions the local rotations in 
W-world always occur around all three axes. That is, instead of initial symmetry, we ad- 
mit the spanning W 1 ^ where DimW^ = 3 7^ N^w^ = 2. Taking into account 
that at the very beginning all subquark fields in W-world are massless, we cannot rule 
out the possibility that they are transformed independently. On the other hand, when 
this situation prevails the spanning W 1 ^ — > must be occurred compulsory in order 
to provide a necessary background for the condition eq.(5.5) to be satisfied. The most 
likely attitude here is that doing away this shortage the subquark fields q^, qi 2 i QRi, an d 
qR, 2 tend to give rise to triplet. The three dimensional effective space will then arise 

/q R (f w = 0)\ 



q« I = \q Ll I G W$. (12.1) 
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The latter holds if violating initial P-symmetry the components q Rl , qn 2 still remain in 

isosinglet states, namely the components qi are forming isodoublet while q R is a isosinglet: 
1 

q L (T w = -), q R (T w = 0). So, the mirror symmetry is broken. Corresponding local 
transformations are implemented upon triplet q w [ 3 ) = fwQ(3)i wnere the unitary matrix 
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of three dimensional local rotations reads 



f (3) _ 
Jw — 



(fss 

fll fl2 

V o / 21 / 22 



Making use of incompatibility relations eq. (3.5.5) in [1] one gets 

WfwW — /33(/ll/22 — /12/21) = /33^123^123 \\fw H/33, (12.2) 

or 733/3*3 = 1- That is / 33 = e"*. While 

llifll = /11/22 - /12/21 = llif II/33 = llif IK 

and due to condition \\fw\\ = 1 it reads ||/^|| = e l/3 ^ 1. Thus, the initial symmetry 
SU loc (2) is broken. Restoring it the fields q L must be undergone to additional transfor- 
mations w 

f (2) ,(2)' _ / /lie" 1 a /i 2 e _i 2 \™ 
^ ^ -V/ 2ie -*f / 22 e-^J 

in order to satisfy the unimodularity condition of matrix of the group SU loc (2), namely 

\\f$'\\ = H/^lle-^ = 1, /$ } ' G SU loc (2). Then, the expanded group of local rotations 
in W-world arises 



f(3) 
J exv 



exp 



( e~ ip 

hie'^ fi 2 e- l % \ e SU loc (2)®U loc (l), (12.3) 
V / 2 ie~*2 / 2 2e _i 2 



where U = e~ ifwfw € SU loc (2), U x = e"^ 1 e U loc {l). Here f/ Zoc (l) is the group of 
weak hypercharge F w taking the following values for left- and right-handed subquark 
fields: q R : Y w = 0, -2, g L : = -1. Whence = f^q^, namely 

?l = e lT %y l 0l q L , q' R = e R qR- 



13 The Reduction Coefficient and the Weinberg Mix- 
ing Angle 

The realization of weak interacting particles always has incorporated with the spanning 
eq.(12.1). This implies P- violation in W-world expressed in the reduction of initial sym- 
metry group of local transformations of right-handed components q R , namely 

[SU(2)] R ^[U(1)] R , (13.1) 

where subscript (R) specified the transformations implemented upon right-handed com- 
ponents. The invariance of physical system of the fields qn under initial group [SU(2)] R 

— * — * 

may be realized as well by introducing non-Abelian massless vector gauge fields A = T W A 
with the values in Lie algebra of the group [SU(2)] R . Under a reduction eq.(13.1) 
the coupling constant (g) changed into (g') specifying the interaction strength between 
q R and the Abelian gauge field B associated with the local group [t/(l)] fl . Thereto 
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g = g'tan9 w , where 9 W is the Weinberg mixing angle, in terms of which the reduction 

coefficient reads r v = - — — = To define the r v we consider the interac- 

p g + g' 1 + tan 9 W p 

T 

tion vertices corresponding to the groups [SU(2)] R : gA.q R ^-q R and [£7(1)]^ : 

Y w A 8 
g'Bqu'j—^-qR. To notice that the matrix — is in the same normalization scale as each 

of the matrices ^ (i — 1, 2, 3) : Tr (^7^j = Tr (^7^ = ^ the vertex scale reads 

(Scale)5(7(2) = g — , which is equivalent to g — . It is obvious that per generator scale 
2 2 

could not be changed under the reduction eq.(13.1), i.e. (Scale) 5^/(2) _ ( Scale) ^ 

Nsu(2) Nu(i) 

where N SU ( 2 ) and Njj^ are the numbers of generators respectively in the groups SU{2) 

1 

and U{\). Hence (Scale)u(\) = -^{Scale)su(2)- Stated somewhat differently, the normal- 

1 _ A 8 

ized vertex for the group [77(1)]^ reads -gBq R ^ — q R . In comparing the coefficients can 

3 2 

9' 1 

then be equated — = tan6> w = — =, and r„ ~ 0.27. We may draw a statement that during 
9 V3 

the realization of multiworld structure the spanning eq.(12.1) compulsory occurred, which 
is the source of P-violation in W-world incorporated with the reduction eq.(13.1). The 
latter is characterized by the Weinberg mixing angle with the value fixed at 30°. 



14 The Emergence of Composite Isospinor-Scalar Me- 
son 

The field qJL is the W-component of total field q( 2 \ = 1 Q (= ^ ^ ), where the 

field component <?(= \1/) is left implicit. Instead of it, below we introduce the additional 

suffix (Q = 0, ±) specifying electric charge of the field. At the beginning there is an 
absolute symmetry between the components qi = q q and q 2 = Q Q Hence, left- and 

V±Wl V2W2 

right-handed components of fields may be written 

qiL = Q (0) Q { -\ q2L = Q { - ) ^°\ q lR = q^qt-\ q 2R = Q (0) . 

VlLWlL V2LW2L VirWir r i2R W2R 

On the example of one lepton generation e and v we shall exploit the properties of these 
fields. An implication of other fermion generations will be straightforward. Then 



Q 



q 

W L 



( \ 

^UW^), q =U°\q^)=R=(v R ,e R ), 
q(-) I \e L J v R \v 1R v 2 rJ v ' 



\ 1 



2L 



I ?, (0) 

V 



W2L \, q = (?<">, ?<°>) 

q(-) I Wr \W 1R W 2R J 
W 1L ' 
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We evaluate the term Jq^^ in the Lagrangian eq.(11.6) as follows: 

M = VtV R + VpI L = qtq R + qtq L , 

provided 



QlQr 



QrQl 



q+q + q q 

q+q + q q -. 
VrWrWl^l 



- q 
9 



7° 9 ^ 9 ) 9 



„o 



q^q q 



- LipR, 
Rip+L. 



wrWlJ n L 

Hence, for appropriate values of the parameters, this term causes 

M = 9(2)5(2) = LipR + Rtp+L, 

where the isospinor-scalar meson field ip reads 

v = ^q + q (p 
W L Wr 

A calculation gives 



7°9 + 9 • 

WrW L 



up = 

Thereupon 



V?2 



fie 



Vl 



(-) 



WiL 



1 , 
Wr 



f2 



(0) 



q 



W 2 lJ Wr 



<Pl > V 2 



(-) 



and 



Vb 



+ 



9 



(o) 



W 2 R 
q(-) = 



WlR 



c u [f 



V2e 



V2 t 



(0) 



where the charge conjugated field f c is defined (<^ c 
composite isospinor-scalar meson reads 

/V +) 

Ve = V = 



W 2 L 
^2L 
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(o) 



V (0) , 



+ g(-) = - 
w 1R 



C v f 



(-) 



<f* Eik, c u is a constant. Then, the 



f v = C v f c 



Vv 



(0) 



(v (0) ) 



+ ■ 



-f(-) 



This field is a scalar as far as it is invariant under Lorentz transformations 



q R -> exp 



^(0 - i£) 



9i?, 9l exp 



-£(0 + i£) 



9l, 



where 9 is ordinary rotations, </? is the boost. 

In accordance with eq.(5.5), the isospinor-scalar meson carries following weak hypercharge 
f : Y w = 1. Thus, the term — /q\N> arisen in the total Lagrangian of fundamental 
fermion field eq.(11.5) accommodates the Yukawa couplings between the fermions and 
corresponding isospinor-scalar mesons in fairy conventional form 

- / Q M = -f e (lipe R + e R f + L) - f v (lf c v R + VRiftL) , (14.1) 

where f e = Jq — Eq, /„ = c v Jq. The rules regarding to this change apply the gauge in- 
variant Lagrangian of isospinor-scalar <^-meson to be added to total Lagrangian eq.(11.5). 
The ip-meson undergoes following gauge transformations: <f'(r),uw) = fe%(^(v)) < f( u w)j 

where 77 G G and Uw G G- It is due to fact that the y-meson carries isospin and hyper- 

v w 

charge. Making use of the local transformations implemented upon the components qi 
and qR, one gets this transformation rule. 
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15 The Higgs Boson 



A common feature of gauge theories is that introducing of ready made multiplets of zero 
mass scalar bosons as predicted by Goldstone theorem [37,38]. Such bosons tend to 
restore the primary symmetry [38,39]. In Higgs relativistic model [40,41] these unwanted 
massless Goldstone particles are eliminated by coupling in gauge fields. To break the 
gauge symmetry down and leading to masses of the fields , one needs in general, several 
kinds of spinless Higgs mesons, with conventional Yukawa couplings to fermion currents 
and transforming by an irreducible representation of gauge group. The Higgs theory like 
[37] involves these bosons as the ready made fundamental elementary fields, which entails 
various difficulties. Within our approach the self-interacting isospinor-scalar Higgs bosons 
arise as the collective modes of excitations of bound quasi-particle iso-pairs. 

15.1 The Bose Condensate of Iso-Pairs 

The ferromagnetism [42] , Bose superfluid [43] and BCS-Bogoliubov model of superconduc- 
tivity [9-11] are characterized by the condensation phenomenon leading to the symmetry- 
breaking ground state. It is particularly helpful to remember that in BCS-Bogoliubov 
theory the importance of this phenomenon resides in the possibility suggested by Cooper 
[44] that in the case of an arbitrary weak interaction the pair, composed of two mutu- 
ally interacting electrons above the quiescent Fermi sea, remains in a bound state. The 
electrons filling the Fermi sea do not interact with the pair and in the same time they 
block the levels below the Fermi surface. The superconductive phase arises due to ef- 
fective attraction between electrons occurred by exchange of virtual phonons [45]. In 
BCS microscopic theory of superconductivity instead of bound states, with inception by 
Cooper, one has a state with strongly correlated electron pairs or condensed state in which 
the pairs form the condensate. The energy of a system in the superconducting state is 
smaller than the energy in the normal state described by the Bloch individual-particle 
model. The energy gap arises is due to existence of the binding energy of a pair as a 
collective effect, the width of which is equal to twice the binding energy. According to 
Pauli exclusion principle, only the electrons situated in the spherical thin shell near the 
Fermi surface can form bound pairs in which they have opposite spin and momentum. 
The binding energy is maximum at absolute zero and decreases along the temperature 
increasing because of the disintegration of pairs. Pursuing the analogy with these ideas in 
outlined here approach a serious problem is to find out the eligible mechanism leading to 
the formation of pairs, somewhat like Cooper mechanism, but generalized for relativistic 
fermions, of course in absence of any lattice. We suggest this mechanism in the framework 
of gauge invariance incorporated with the P-violation phenomenon in W-world. To trace 
a maximum resemblance to the superconductivity theory, within this section it will be 

advantageous to describe our approach in terms of four dimensional Minkowski space M 4 

w 

corresponding to internal W-world: G — > M 4 (subsec.2.1 in [1]). Although we shall leave 

w w 

the suffix (W) implicit, but it goes without saying that all results obtained within this 
section refer to W-world. According to previous section, we consider the isospinor-scalar 
ip-meson arisen in W-world 

<p(x)=^ L + (x)y R (x), 
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where x G M 4 is a point of W-world. The following notational conventions will be 
employed throughout 

q =^r (x) ->* L (x), M 4 ^M 4 , q = # (x) -> * fl (a;), 

by the spin <r, energy E and velocity w of particle. In terms of Fourier integrals 

*l(x) = j^-J y L (PLy PLX d A p L , 9 R (x) = j^yj *R(p R y PRX d A p R , (15.1.1) 
it is readily to get 

<p(k) = J V (x)e-^d i x = 1 °J ^*L + (p L )*R(pL + k)= 1 J ^y^ L + ( PR -k)^ R (p R ) 

(15.1.2) 

provided by conservation law of fourmomentum k = Pr — Pl, where k = k{uj,k), Pl,r = 
Pl,r{El,r, Pl,r)- Our arguments on Bose-condensation are based on the local gauge invari- 
ance of the theory incorporated with the P- violation in weak interactions. The rationale 
for this approach is readily forthcoming from the consideration of gauge transformations 
of the fields eq.(15.1.2) under the P- violation in W-world 

*' L (x) = U L (x)* L (x), *' R (x) = U R (x)* R (x), 

where the Fourier expansions carried out over corresponding gauge quanta with wave 
fourvectors q^ and q R 

Ul{x) = J 0^e^U L (q L ), U R (x) = J ^e^ X U L (q R ), (15.1.3) 

and Ul{x) ^ U R (x). They induce the gauge transformations implemented upon </>field 
(p'(x) = U(x)<f(x). The matrix of induced gauge transformations may be written down in 
terms of induced gauge quanta 

U(x) ee Ut{x)U R {x) = J ^ye^U(q), (15.1.4) 

where q = —qi + qR, q(q°, q)- In momentum space one gets 

^ = I j^ u{qMk ' ~ q) = I wf {k ' ~ k)m - (15 - L5) 

Conservation of fourmomentum requires that k! = k + q. According to eq.(15.1.2) and 
eq.(15.1.5), we have 

-Pl + Pr = -Pl +PR + q = ~p"l +Pr = ~Pl + Pr, 

where p" L = pi — q, Pr = Pr + q- Whence the wave vectors of fermions imply the 
conservation law Pl + Pr = fiL + P*r> characterizing the scattering process of two fermions 
with effective interaction caused by the mediating induced gauge quanta. We suggest 
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the mechanism for the effective attraction between the fermions in the following manner: 
Among all induced gauge transformations with miscellaneous gauge quanta we distinguish 
a special subset with the induced gauge quanta of the frequencies belonging to finite 

region characterized by the maximum frequency ^ (q — max{q }) greater than the 

frequency of inducing oscillations fermion force — — < — . To the extent that this 

n n 

is a general phenomenon, we can expect under this condition the effective attraction 
(negative interaction) arisen between the fermions caused by exchange of virtual induced 
gauge quanta if only the forced oscillations of these quanta occur in the same phase with 
the oscillations of inducing force (the oscillations of fermion density). In view of this 
we may think of isospinor ^ l and isoscalar ^/r fields as the fermion fields composing 
the iso-pairs with the same conserving net momentum p = Pl + Pr and opposite spin, 
for which the maximum number of negative matrix elements of operators composed by 
corresponding creation and annihilation operators at,, ap R at,, ap L (designated by the pair 
wave vector p) may be obtained for coherent ground state with p = p L + p R = 0. In the 
mean time the interaction potential reads 

V = Yl { a k) +a ^ { a f[) ^ = 12 a ^ a }l a PR a PL, (15.1.6) 

P'r'P'l'PR'PL p' r ,p'1,PR,Pl 

implying the attraction between the fermions situated in the spherical thin shall near the 
Fermi surface 

f -V at \E f -E F \<q, \ E f , - E F \< q, 
V *' = \ otherwise. (15 - L7) 

The fermions filled up the Fermi sea block the levels below Fermi surface. Hence, the 
fermions are in superconductive state if the condition eq.(15.1.7) holds. Otherwise, 
they are in normal state described by Bloch individual particle model. Thus, the Bose- 
condensate arises in the W-world as the collective mode of excitations of bound quasi- 
particle iso-pairs described by the same wave function in the superconducting phase 
^ =< ^ r >, where < ••• > is taken to denote the vacuum averaging. The vac- 
uum of the W-world filled up by such iso-pairs at absolute zero T = 0. 
We make a final observation that ^r^r = ur is a scalar density number of right-handed 
particles. Then it readily follows: 

(*L*fl) + (*L*«) = = — ^h°(i H^R)(K^Li°h ^R = (is.1.8) 

nR 

where | ^ | 2 =< W + >= l< V 9 >| 2 =l V 9 | 2 • ft i s convenient to abbreviate the < tp > by 
the symbol (p. The eq.(15.1.8) shows that the ^-meson actually arises as the collective 
mode of excitations of bound quasi-particle iso-pairs. 



15.2 The Non-Relativist ic Approximation 

In the approximation to non-relativistic limit 1, — ^r, 7° — > 1) by making 

use of Ginzburg-Landau's phenomenological theory [46] it is straightforward to write down 
the free-energy functional for the order parameter in equilibrium superconducting phase 
in presence of magnetic field. The self-consistent coupled GL-equations are differential 
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equations like Schrodinger and Maxwell equations, which relate the spatial variation of 

— * — * 

the order parameter \l> to the vector potential A and the current j s . In the papers [20,21], 
by means of thermodynamic Green's functions in well defined limit Gor'kov was able to 
show that GL-equations are a consequence of the BCS-Bogoliubov microscopic theory of 
superconductivity. The theoretical significance of these works resides in the microscopic 
interpretation of all physical parameters of GL-theory. Subsequently these ideas were 
extended to lower temperatures by others [47-49] using a requirement that the order 
parameter and vector potential vary slowly over distances of the order of the coherence 
length and that the electrodynamics be local (London limit). Namely, the validity of 
derived GLG-equations is restricted to the temperature T, such T c - T < T c and to the 
local electrodynamics region g£ ^ 1? where T c is transition temperature, £ is coherent 
length characterizing the spatial extent of the electron pair correlations, q are the wave 

— * 

numbers of magnetic field A. Thereto the most important order parameter mass 
and coupling constant A^, figuring in GLG-equations read 

(7C(y SAk^M-L) 1/2 , 6 = 0.18^., 

v ; Ank B T c y h y ' V TJ su A; B T C ' 

m| = 1.83— (1 - — ) , \% = IA- 




mQ\ TJ' * ■ N(0)\2mQJ (k B T c y 

(15.2.1) 

Reviewing the notation A(r) is the energy gap, e* = 2e is the effective charge, iV(0) 
is the state density at Fermi surface, N is the number of particles per unit volume in 
normal mode, vp is the Fermi velocity, m = £q = fq is the mass of fermion field. The 
transition temperature relates to gap at absolute zero A [9]. The estimate for the pair 
size at vp ~ 10 8 cm/s, T c ~ 1 gives [50] £o — 10 _4 cm. To set up the total Lagrangian 
we must add a SU (2) multiplet of spinless meson fields that couples to the gauge fields 
in a gauge invariant way. According to eq.(15.2.1) these y-meson fields acquire vacuum 
expectation values, which subsequently gives the gauge fields a mass. This Lagrangian 
of self-interacting iso-pairs spinless scalar (/9-meson at degenerate vacuum of W-world is 

given L V {D) = L%{D) - V(\ y? |), provided by V(\ y? |) = (\ y? | 2 , and ^ = 

2 

TfL 

—p m 2 = m%, A 2 = \%. In accordance with a standard method one may introduce 
the real-valued scalar field \{ x ) describing the excitation in the neighbourhood of stable 

77 i 

vacuum — y= : ¥>'{x) = -^j= (fjtp + x( x )) > which reflects the spontaneous breakdown of 
symmetry in W-world. 

15.3 The Relativistic Treatment 

We start with total Lagrangian eq.(11.7) of self-interacting fermion field in W-world, 
which is arisen from the Lagrangian eq.(10.6) of primary fundamental field after the 
rearrangement of the vacuum of Q-world 

w 2 w w^w w w^w w w (15 3 1) 

— V(x) (^f(x) ty(x)) ty(x). 
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Here, m = Eq is the self-energy operator of the fermion field component in Q-world, the 

suffix (W) just was put forth in illustration of a point at issue. For the sake of simplicity, 

we also admit H(x) = 0, but of course one is free to restore the gauge field H(x) whenever 
w w 

it should be needed. In lowest order the relation m = ijiq <C A -1 / 2 holds. The Lagrangian 
eq. (15.3.1) leads to the field equations 

( 7 p - m)*(x) - A (*(x)*(xj) *(x) = 0, 3 
*(z)( 7 V +m) + \^{x) (^(x)^(x)) = 0, 



where the indices have been suppressed as usual. At non-relativistic limit the function 
\& reads \P — > e* mc and Lagrangian eq. (15.3.1) leads to Hamiltonian used in [20]. 
Our discussion will be in close analogy with that of [20]. We make use of the Gor'kov's 
technique and evaluate the equations (15.3.2) in following manner: The spirit of the 
calculation will be to treat interaction between the particles as being absent everywhere 
except the thin spherical shell 2q near the Fermi surface. The Bose condensate of bound 
particle iso-pairs occurred at zero momentum. The scattering processes between the 
particles are absent. We consider the matrix elements 

<T(* a (x 1 )*f i (x 2 )%(x 3 )* s (x4)) >= - <T(* a (x 1 )%(x 3 )) ><T(*f,(x 2 )*sM) > 
+ <T (VaMVsM) >< T (^(x 2 )^ 7 (x 3 )) > + < T (ttaCarO^Mara)) > x 

<T(%(x 3 )* S (x A j) >, 

where 

< T (VnixjVpfa)) >< T (%(x 3 )*sM) >= 

< T (^+0r 3 )7°^4)) ><T ( 7 * Q (a; 1 )^(a; 2 )) >, 
also introduce the functions 

< N | T (7°* (a;)* (a;')) \N + 2>= e~ 2i ^F(x - x'), ( , 

< N + 2 | T (m+(x)^m + (x')) | N >= e 2 ^'<F+(x - x'), {i-0.6.6) 

and 

< N | T (V L (x)V R (x')) \N + 2>= e-^'^LRix - x'), 



< N + 2 | T (VtWnW) I N >= e^F+^x - x'), 
<N\T (*r(x)* l (x')) \N + 2>= e- 2i ^F RL {x - x'), 
<N + 2\ T (^(x)^t(x')) | N >= e^F^x - x'). 



Thereupon 

F(x ~ x>) = ( F F L R f ( X x I ) , F+(:r - *') = (F+ R (x - x% F+ L (x - x')) . 

Here, p' = p+m, pis a chemical potential. We omit a prime over p, but should understand 
under it p + m. Let us now make use of Fourier integrals 

du> dp ^ sv{x-x')-i^{f,-t') 



G aP {x -x') = J -^-f G aP (p)e 



(27 

etc, which render the equation (15.3.2) easier to handle in momentum space 

( 7 p - m)G(p) - iA 7 °F(0+)F(p) = 1, 

F(p) ( 7 p + m - 2/i 7 °) + i\F(0+)G(p) = 0, lio.o.oj 
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where F a/3 (0+) = e 2i ^ < T ('f^ a (x)^f p(x)) >= lim ? F a/3 (x - x'). Next we substitute 

X ^X^ ^f' ) 

(TP -m) = (a/ - e P )7°, (TP + ™ " W) = YV + 

where 

u' — cu — /i' — cu — m — /i, £ p = (jp + m)7° — // = (jp + m)7° — m — fi, 
£p — 7°(7 + P + m) — m ~ n, 



F(0+) = -JI, I={ ° J.'), F + (0+)F(0+) = —J 2 I 2 = J 2 , 



and omit a prime over u/ for the rest of this section. We employ 

1 
-1 

and Q + ip = 7°(cj + ^ p ). The gap function A reads A 2 = A 2 J 2 , where J = [ ^ ^ F + (p). 

J (27TJ 4 

Making use of standard rules [43] , one may pass over the poles. This method allows oneself 
to extend the study up to limit of temperatures, such that T c — T<ti T c , by making use 
of thermodynamic Green's function. So 

7rA 

F + (p) = -i\J(uo - £ p + i5y l (u) + i P - id)' 1 n(e p ){5(uj - e p ) + 5(lu + e p )}, 

G{p) = t°{u;(w - i P + iS)' 1 + v 2 p (u + t P - i5)- 1 + 2nin(e p )[u 2 p 5(u - e p )- 
v 2 5{uj + sp)]}, 

(15.3.6) 

where u\ = ±(l + , W J = \ (l - &j , e p = (£ 2 + A 2 (T)) 1/2 . and n(e p ) is the 
usual Fermi function n(e p ) = ^exp + 1^ . Then 

determining the energy gap A as a function of T. According to eq.(15.3.7), the A(T) — > 
at T -> T c ~ A(0) [9]. 

15.4 Self-Interacting Potential of Bose- Condensate 

To go any further in exploring the form and significance of obtained results it is entirely 
feasible to include the generalization of the equations (15.3.5) in presence of spatially 
varying magnetic field with vector potential A(r), which is straightforward (t — > r = it) 

j _ 7°J- - ^7 (Jp~ ieA(f)j -m + 7V | G(x,x') + 7°A(f)F(x, x') = 5(x - x 1 ), 
F(x, x') | 7 ^- *eA(r)j - m + 7 v| - A*(f)-y°G(x, x') = 0, 

(15.4.1) 

where the thermodynamic Green's function [51,52] is used and the energy gap function is 
in the form 



A*(r) = XF + (t, r; r, r) = (A* LR (r), A* RL (r)) , F(x, x') 



F LR (x,x') 
F RL (x,x') 
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This function is logarithmically divergent, but with a cutoff of energy of interacting 

TiV Q 

fermions at the spatial distances in order of — can be made finite, where uj = — . If 

to n 
one uses the Fourier components of functions G(x, x') and F(x, x') 



1 r l / T 

G(r»)=Ty e -™G u (f ) /), Guj {r,r') = - e tu > u G{r,7;u)du, (15.4.2) 

„ 2 J-l/T 



where u = r — r', uj is the discrete index uj = nT{2n +1), n — 0, ±1, . . ., then the 
eq. (15.4.1) reduces to 



(15.4.3) 



{iu'-f — 27 (d? — ieA(r)j — m + 7V } G u (f, f) + r y A(f)F UJ (f, r 1 ) = 5{r — r f ), 
Fujif,?) {-icJ7° + 27 (Bf + ieA(r)) -m + 7°/i} - A*(r)'fG u (r, 7) = 0, 

where the gap function is defined by A*(r) = AT Fj~(r, r*). The Bloch individual 

n 

particle Green's function G U) (f,r > ) for the fermion in normal mode is written 

{uwy - 17 (d F - ieA{f)) -m + 7V} G w (f, O = 5(f- (15.4.4) 
or the adjoint equation 

{iwy° + 17 + ieA(r')) -m + 7V} G w (f, r ) = 5(r - r ). (15.4.5) 
By means of eq. (15.4.5) the eq. (15.4.3) gives rise to 

GUr,0 = G w (f,0 - I A,(r>>°A(5^(5>^ 3 5, (15.4.6) 

and 

F u (r,n = J GMn^(^°G~M?)d 3 s. (15.4.7) 

The gap function A(r) as well as F^r,?) are small ones at close neighbourhood of tran- 
sition temperature T c and varied slowly over a coherence distance. This approximation, 
which went into the derivation of equations, meets our interest in eq.. (15.4.6), eq.(15.4.7). 
Using standard procedure one may readily express them in power series of A and A* by 
keeping only the terms in F u (f, f) up to the cubic and in G u (f,r') - quadratic order in 
A. After averaging over the polarization of particles the following equation coupling A(r) 

— * 

and A(r) ensued: 



A*(f) = AT^T / G u {r,r')G- u {r,r')^*{i f )^T'- 

n 

(15.4.8) 

It is worthwhile to determine the function G u (f,f'). In the absence of applied magnetic 
field, i.e. A(r) = the eq. (15.4.4) reduces to 

{(icj + /i)7°-7p-m}(5°(f,r y ) =8(f-f). (15.4.9) 
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It is well to study at this point certain properties of the solution which we shall continually 
encounter 

Gl (f, = ^ {(iu + /i) 7 ° - IP + m} G Gu {f- f), (15-4.10) 
where the function G Gul {f — f*) satisfies the equation 

^ (q 2 + A) G° Gu! (r- f) = 5(r- (15.4.11) 

provided q 2 = (iuj + u) 2 — m 2 = 2imQ + pi and Q = uj—, pi = a 2 — m 2 . At a uj I 

m 

i) 2 

one has —2- ^>| Q |, and 



2m 



J- {2tmfi + ^ + A} GL(r - O = 5(f - r<), (15-4.12) 



2m 

the solution of which reads 

GL(r-f) = -^exp(i9i2), 

where 

g = s(mi2p + 2 ,it=|r — r |, sgnil 



In approximation to non-relativistic limit p — > this Green's function reduces to 
G Gui (f — f) used in [20]. So, our discussion is consistent with well-known [20]. Making 
use of Fourier integrals we readily get 

Gl(p) = — =1 G GuJ {p), 

q z — p z + 20 

where 7 = (U7 + jp + m). One has 

2m 

G° G M = GUP) = = G° GQ (-P), 

— » — * 

where as usual £ = — . The Green's function G^ir.r 1 ) in presence of magnetic 

2m 2m 

field differs from G° (f — f") only by phase multiplier [20] 

G w (r,0 = exp (1(f), r - /)} <5°(f - f ). 

The technique now is to expand a second term in right-hand side of the eq. (15.4.8) up to 
the terms quadratic in (r — f). After calculations it transforms 



2 
N 



e* -A 2 2m 
jW + —A + — 

C / V 

*(r) | 2 |*(r) = 0, 



Ampo Vm/ Vm / Vm/ \T CM / (15.4.13) 
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where v 



7((3)mv 2 F in 
24(nk B T c y and Tc - = „ 



T c . Succinctly 



{pl-^ + ^A||*(r)| 2 }*(r)=0, 



(15.4.14) 



provided 

m|(A,T,T C(U 
A|(A, T c ) 



24 /ft 



96 



7C(3) Uo, 

h 



- Cfl 



m 



2uj 



t) T7, ^(f) = A(r 



7C(3) Vw 



mm) 

4irk B T c 



1/2 



15.4.15) 



According to the eq. (15.4. 15), the magnitude of the relativistic effects, however, is found 
to be greater to account for the large contribution to the values m% and A|. Thereby 

the transition temperature decreases inversely by the relativistic factor — . A sponta- 

m 

neous breakdown of symmetry of ground state occurs at ??|(A,T < T CfJi ) > 0, where 
4(A,T,T CM ) = ^f. 



As far as * 



, and ^ LR 



RLi 



*LR 



A RL , then the 



*lr\ a (Alr 

eq. (15.4. 14) splits into the couple of equations for ^ lr and ^ rl- Subsequently, a La- 
grangian of the ip will be arisen with the corresponding values of mass m% = rri^ and 
coupling constant A| = A 2 . 

15.5 The Four- Component Bose- Condensate in Magnetic Field 

Now we are going to derive the equation of four-component bispinor field of Bose-condensate, 
where due to self-interaction the spin part of it is vanished. We start with the nonsym- 
metric state Alr Arl, where ^ lr and ^ rl are two eigenstates of chirality operator 
75. In standard representation 



y/2 U 



Ai 
A 2 



^LR 
^RL 



V2 \^LR 



^RL 
^RL 



*1 
^2 



J_ / Alr + Arl 

y/2 \A LR - A RL 



(15.5.1) 



l5 q LR = ^ LR , 75*^ = -Vrl, A lr ^ A RL . 



The eq.(15.4.14) enables to postulate the equation of four-component Bose-condensate in 
magnetic field and equilibrium state 



%h 



dt 

or succinctly 



jca (p + ^A^j + (3mc 2 + M{F) + L(F) | | 2 | = 0, 
(iPA — m ) ^ = 0. 



(15.5.2) 
(15.5.3) 
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This is in standard notation 



7° = /?= (J \), a = 7 °7=(° I), F = F^ =l nv, 

^ = i[ 7 ^,7l, l -e*F = -e*tH, H = rot A, F ltv = (0,H), E=(* °) 

^ = (paq,Pa), Pa = ihV + —A, p A0 = - (M(F) + L(F) | * | 2 ) . 



The M(F) and L(L) are some functions depending upon the invariant F, which will 
be determined under the requirement that the second-order equations ensued from the 
eq. (15.5.3) must match onto eq. (15.4. 14). Defining the functions M(F) and L(F): 

1/2 / i vl/2 \2 



M(F) = (m 2 + l -e*F^ , M = (m 2 + ^m 2 ,) , L(F) 
Lo = ~8M~' M{F)L(F) = M L = -^A 2 , 



8M(F)' 



and taking into account an approximation fitting our interest that the gap function is 
small at close neighbourhood of transition temperature, one gets 

{pA + m 2 - (m + L | M> | 2 ) 2 } *(r) = - X -m% + ^A 2 | ^ | 2 } *(f) = 0. (15.5.4) 

This has yet another important consequence. At Alr ^ and imposed constraint 
(m + M(F) + L(F) | ^ | 2 ) F ^ ^ we have 

A 2 = -^=(A Li? -A i?L ) = 0, ^ 2 = 0. (15.5.5) 

So, t/ie | ^o \ is the gap function symmetry-restoring value 

A 2 (| * | 2 = = 0, A M (| * | 2 ) = A RL (| * | 2 ) , 

where, according to eq. (15.5.4), one has 



V = 

and 



m 2 - (m + L | ^ '" 



^ 2 , (15.5.6) 



V (| *o T= = ^(A, T, T c ,)) = 0. (15.5.7) 

It leads us to the conclusion that the field of symmetry-breaking Higgs boson must be 
counted off from the Alr = Arl symmetry- restoring value of Bose-condensate | ^o | = 

— ^^(A, T, T CfJi ) as the point of origin describing the excitation in the neighbourhood of 
stable vacuum eq.(15.5.7). 

We may write down the Lagrangian corresponding to the eq. (15.5.3) 



28 



The gauge invariant Lagrangian eq.(11.7) takes the form 

L(D) = JI^tD^-^t^*} -*{m + 7° \m(F) + L(F) \ V \ 2 }} ^ . (15.5.8) 
w w 2 [w ww w w w) w y 1 I y ' y ' 1 1 JJ jy v y 

At the symmetry- restoring point, this Lagrangian can be replaced by 

L(D) -> L (£>) = ^ (d # ) - F f | * 



provided 



IV V H 7 ! / 2 ^Wi 4 ^Wi 

Taking into account the eq.(15.1.8), in which | v]> | 2 =| ^ | 2 = - | r]^ + x | 2 , one gets 

VFi 2 

The average value of well-defined current source expressed in terms of spinless field \l/ 
eq.(15.5.3) is given by j(r)L_ . According to eq.(15.4.6) and eq.(15.4.7), one has 

5G{x,x')\ x=x , = I G Gn (r,^G G n(t,^G G .n(t^A*(f)A(s)d 3 sd 3 l. (15.5.10) 

Thus 



4(m 



provided 



- _ fm\ 3 f -ie*ft A p ^* _ ^*^\ _ ^W^l fl 5 5 12) 

\ // / I 2m \ ()/■' df J mc J 

Below we write the eq. (15.5.3) in the form on close analogy of the elementary excitations 
in superconductivity model described by coherent mixture of electrons and holes near the 

Fermi surface [10, 11, 53]. In chirial representation \P = ( ^ LR ^) one has 

Pao^lr = vPa^lr + m^RL, Pao* rl = -ffpA^RL + LR , 
Pao = ±(p A + m 2 ) 1/2 . 

The two states of quasi-particle are separated in energy by 2 | pao |. In the ground 
state all quasi-particles should be in lower (negative) energy states. It would take a finite 
energy 2 | pao |> 2m to excite a particle to the upper state (the case of Dirac particle). 
Thus, one may assume that the energy gap parameter m is also due to some interaction 
between massless bare fermions [18,19]. 
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15.6 Extension to Lower Temperatures 

It is worth briefly recording the question of whether or not it is possible to extend the 
ideas of former approach to lower temperatures as it was investigated in the case of 
Gor'kov's theory by others [47-49]. Here, as usual we admit that the order parameter 
and vector potential vary slowly over distances of the order of the coherence length. We 
restrict ourselves to the London limit and the derivation of equations will be proceeded by 
iterating to a low order giving only the leading terms. Taking into account the eq. (15.4.1), 
eq.(15.4.3), eq.(15.4.6) and eq.(15.4.7), it is straightforward to derive the separate integral 
equations for G and F + in terms of A, A* and G. We introduce 



K n (f,s) = 5(r-s) {in 



provided by u = — — , and 
2m 



2m \os c 



+ /io + A(f)^(5)G_n(S;r)A*(5), 



15.6.1) 



F^s, O = U?)F+(s, O, %(s) = + - TK*(5) + m}. 



We write down the coupled equations in the form 

J d 3 sK n (f,s)G n (s,f')=5(f-f'), 

and 



(15.6.2) 



15.6.3) 



The mathematical structure of obtained equations are closely similar to that studied 
by [47,54,55] in somewhat different context. So, adopting their technique we introduce 
sum and difference coordinates, and Fourier transform with respect to the difference 
coordinates as follows: 



K n (p, R) = j d\r - s)e~ tp ^K n (f, s) 



(15.6.4) 



1^ 



with R = -(r + s). We also involve similar expansions for all other functions. Then the 
eq. (15.6.2) and eq. (15.6.3) reduce to following: 



6 




F+(f,R')K_ n (-p,R) 



1. 



e 



(15.6.5) 



provided by the standard differential operator of finite order defined under the requirement 
that it produces the Fourier transform of the matrix product of two functions when it 
operates on the transforms of the individual functions [54,55] 







lim exp 
R! -> R 



d d d d 



BR dp dpdR* 



(15.6.6) 



p ^p 
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One gets 



Ka{p, R) — ift — e(p, R) + lim exp 

R',R"^R 

xA*(R')tf A (p, B!)%(-p, R)A*(R"), 



i d 
2df> 



d 



d 



dR' OR", 



x 



15.6.7) 



where it is denoted e(p, R) = 

2m 



P 



-MR) 

c 



fiQ. To obtain resulting expressions we 



shall proceed with further calculations, but shall forbear to write them out as they are so 
standard. There is only one thing to be noticed about the integration. That is, due to 
the angular integration in momentum space, as mentioned above, the terms linear in the 
vector p will be vanished , as well as the integration over the energies removes the linear 
terms in e(p). So, we may expand the quantities in eq. (15.6.5) according to the degree of 
inhomogenity somewhat like it we have done in equation (15.4.8) of gap function A*(r), 
which in mixed representation transforms to the following: 

A*(R) = TJ2J T^W'^ = T E/ -^T 3 UP,R)F^(P,R). (15.6.8) 



The approximation was used to obtain the function F£ must be of one order higher 
F n - F n )+ + + F n )+ than that for function G n 



4 0) + G 



q\ Employing an 
G in eq. (15.6.5) and puts 



iteration method of solution one replaces K — > K, G 

@(0) = X ftil) = Qj Q(l) = Q HenC g Q = Q(0) m 

The resulting equation for gap function is similar to those occurring in [47] , although not 
identical. The sole difference is that in the resulting equation we use the expressions of 
fl and £. With this replacement the equation reads 



TJ2 



A* 



d 3 p 

(2^p ] n 2 + e 



A*<9 2 |A| 2 d A* fd\A\ 



3 dR 2 d\A\ 2 6 V dR J d(\A\ 2 ) 2 




(n 2 + e) 



A A* 



d 



d\A\ 



where £(p,R) = [e 2 (p) + |A(,R)| 2 
at T ~ T c follows at once 



1/2 



(15.6.9) 

The average value of the operator of current density 



Jg(R) 




(15.6.10) 



2 ' 



where ( r y ^ 3 ) = - (%° + — 



At A <C nksT and A is indepen- 



dent of position the eq.(15.6.9) and eq.(18.6.10) lead back to the equations (15.4.13) and 
(15.5.11). Actually, from such results it is then easy by ordinary manipulations to investi- 
gate the pertinent physical problem in several particular cases, but a separate calculation 
for each case would be needed. 
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16 The Lagrangian of Elect roweak Interactions 



The results obtained within the previous sections enable us to trace unambiguously rather 
general scheme of unified electroweak interactions. Below we remind some features allow- 
ing us to write down the final Lagrangian of electroweak interactions. 

1. During the realization of multiworld connections of weak interacting fermions the 
P-violation compulsory occurred in W-world incorporated with the symmetry reduction 
eq.(13.1) characterized by the Weinberg mixing angle with the fixed value at 30°. This 
gives rise to the local symmetry SU(2) ® U(l), under which the left-handed fermions 
transformed as six independent doublets, while the right-handed fermions transformed as 
twelve independent singlets. 

2. Due to vacuum rearrangement in Q- world the Yukawa couplings arise between the 
fermion fields and corresponding isospinor-scalar tp- meson in conventional form. 

3. In the framework of suggested mechanism providing the effective attraction between 
the relativistic fermions caused by the exchange of the mediating induced gauge quanta 
in W-world, the self-interacting isospinor-scalar Higgs bosons arise as Bose-condensate. 
Then we must add to the total Lagrangian a SU (2) multiplet of spinless ^-meson fields 
coupled to the gauge fields in a gauge invariant way. We involve the Lagrangian of (/9-meson 
with the degenerate vacuum of W-world, where the symmetry-breaking Higgs boson is 
counted off from the gap symmetry restoring value as the point of origin. In view of 
this a Lagrangian ensues from the eq.(11.5)- eq.(11.7), which is now invariant under local 
symmetry SU{2) ® U(l), where a set of gauge fields are coupled to various multiplets 
of fields among which is also a multiplet of Higgs boson. Subsequently, we separate a 
part of Lagrangian containing only the fields defined on four dimensional Minkowski flat 
spacetime continuum M 4 . The resulting Lagrangian reads 

L = —TrG^G^ - \f^ v + iLDL + ie R De R + iv R Dv R + \D^\ 2 - 

\K (ivf - - fe (L<pe R + en<p + L) - f v [lf c v R + v R f + c L) + ^ 

similar terms for other fermion generations. 

The if is taken to denote Higgs boson according to redefinition ip(x) = f(x, x) = 

fexp(x)f(x^), where the coordinates x G M 4 are left implicit. The gauge fields A /i (x) 

and B^(x) associate respectively with the groups SU(2) and U(l), where the gauge co- 
variant curls are F^ u , G^ v . The corresponding gauge covariant derivatives are in standard 
form. One took into account corresponding values of the operators T and Y for left- and 
right-handed fields, and for isospinor (^-meson. The Yukawa coupling constants f e and j v 
are inserted in eq.(14.1), but in the case of quarks, according to eq.(2.2) and eq.(10.9), it 
respectively must be changed into f e — > f q = /g + m^. In standard scenario a gauge invari- 
ance of the Lagrangian is broken when the y9-meson fields acquire a vacuum expectation 
value. Thereby the mass m v and coupling constant are in the form eq.(15.4.15). The 
spontaneous breakdown of symmetry is vanished at r)^(X,T > T c/i ) < 0. When this dou- 
blet obtains a vacuum expectation value, three of the gauge fields acquire masses. These 
fields will mediate the weak interactions. Consequently, a remaining massless gauge field 
will be identified as the photon field coupled to the electric current. The microscopic 
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structure of these fields reads 



W + = V (77) {qiq 2 q3) Q {qq) w , W~ = V (rj) {Wm) Q {qq) w , 
Z G = m {v){qq) Q {qq) w , A = m [r]) {qq) Q . 

V Z *! A 

The expressions of the masses mw and mz are changed if the Higgs sector is built up more 
compoundly. Due to Yukawa couplings the fermions acquire the masses after symmetry- 
breaking. The mass of electron reads m e = ^y=f e etc. One gets for the leptons f e : / M : 

f T = m e : m M : m T . This mechanism does not disturb the renormalizability of the theory 

[56,57]. In approximation to lowest order / = Sq ~ itlq <C A -1 / 2 1 — tt^t m > 

the Lagrangian eq.(16.1) leads to Lagrangian of phenomenological standard model. At 
/ ~ 10~ 6 , A 10 12 . In this case the phenomenological standard model survives. The 
self-energy operator / = Sq takes into account the mass-spectrum of expected various 
collective excitations of bound quasi-particle pairs produced by higher-order interactions, 
which arise as the poles of the function Sq eq.(ll.l). 



17 Quark flavour Mixing and the Cabibbo Angle 

An implication of quark generations into this scheme will be carried out in the same 
manner. Namely, under the group SU{2) <8> U(l) the left-handed quarks transform as 
three doublets, while the right-handed quarks transform as independent singlets except 
of following differences: 

1. The values of weak- hyp ercharge of quarks are changed is due to their fractional electric 
charges q L : Y w = 1 u R :Y w = ^, d R : Y w = ~ etc. 

2. All Yukawa coupling constants have nonzero values. 

3. An appearance of quark mixing and Cabibbo angle, which is unknown in the scope of 
standard model. 

4. An existence of CP-violating phase in unitary matrix of quark mixing. We shall discuss 
it in the next section. 

Below, we attempt to give an explanation to quark mixing and Cabibbo angle. Here 
for simplicity, we consider this problem on the example of four quarks u, d, s, c. The 
further implication of all quarks would complicate the problem only in algebraic sense. 
Let consider four left-handed quarks forming a SU(2) L doublets mixed with Cabibbo 

angle ^ ^ , and {° s ^j ? where m' = -u cos^ + csin^, d = — usin9 + ccosO. One 

must distinguish two kind of fermion states: an eigenstate of gauge interactions, i.e. the 
fields of u' and d; an eigenstate of mass-matrices, i.e the fields of u and c. The qualitative 
properties of Cabibbo flavour mixing could be understood in terms of Yukawa couplings. 
Unlike the case of leptons, where the Yukawa couplings are characterized by two constants 
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f e and ffj,, the interaction of Higgs boson with u' and d is due to following three terms: 

^/u'(«i«h + u>' R u' L )(r] + x) = -^f u '{u'u'){r] + x), 

4|/ c '(cl4 + 4c'l)(^ + X) = -^fc>(c'c')(r] + x), 
1 _ 1 

^fu'c'(c' L U R + 4< + M^C L + W' L 4)(77 + X) = -j=f u '<?(c'u' + Wc')^ + 

Throughout a small part our discussion will be a standard [58], except one point: instead 
of mixing of fields d! and s' we consider a quite equivalent mixing of u' and c' . The 
last expression may be diagonalized by means of rotation right through Cabibbo angle. 
In the sequel one gets m u uu + m c cc, where m u and m c are masses of quarks u and c. 
Straightforward comparison of two states gives 

m u = -^={f u > cos 2 6 + f c > sin 2 6 - 2f u , d cos 6 sin 9)r], 
Y 

m c = —=(f u i sin 2 6 + / c / cos 2 6 + 2/ M v cos # sin 9)rj, 
v 2 

tan 20 = / /n ' c ' ^0. 

/c' - /«' 

Similar formulas can be worked out for the other mixing. Thus, the nonzero value of 
Cabibbo angle arises due to nonzero coupling constant f u > c '. Then the problem is to 
calculate all coupling constants f u 'c',fc't', and f t ' u ' generating three Cabibbo angles 

tan2fl 2 = e 2fu ' c ' , tan2^ 3 = ^V, tan 20! Vt ' u ' 



fc' — fu' ft' — fc' fu' — ft' 

Taking into account the explicit form of Q-components of quark fields eq.(8.1) 

* = (<M2) Q , ^ = (g 2 g 3 ) Q , ^ = (<Mi) Q , 

Q u , Q c , Q t , 

also eq.(11.2) and eq.(14.1), we may write down 

where for given (i) one has pQqf = T.gqf. In analogy, the f d and / M / c / imply 

*< - 5 {f - (t P«) *,} ^ K + 4 + <) , (17.2) 

and 



(17.3) 
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In accordance with eq.(3.4), one has 

| 1 1 = (Wh) Q (q2q 3 ) Q = f&'(M2) Q , 
*V' = {im) Q {qiq2) Q = /$'(g 2 g 2 ) Q , 

•» d Q u' 

where 

The partial formfactors / = f^ B imply the functional equation of renormalization group 
eq.(3.6). Hence f u < d = y (Eg + E Q + 2E Q ) and 



tan2 ^ Ag + ^ + n) 

S Q - S Q - m t 



(17.4) 



where a rest of reads / 3 = fg\ = fg^ and /i = /q" = /g/ . So, the Q-components of 
the quark fields u', c' and t' contain at least one identical subquark, due to which in eq.(3.4) 
the partial formfactors fi have nonzero values causing a quark mixing with the Cabibbo 
angles eq.(17.4). Therefore, the unimodular orthogonal group of global rotations arises, 
and the quarks u', c' and t' come up in doublets (V, c'),(c', t'), and (£', u'). For the leptons 
these formfactors equal zero j\ ept = 0, because of eq.(7.1), namely the lepton mixing is 

t'\ f u\ ( c \ ft 



u'\ 









• fs'b 1 , 


ft'u 



absent. In conventional notation ( A ) , ( n ) , ( ^ J — > ( ^ J A g r J Ayi > wn i cn 



gives rise to / M / c / — > /^v, / c /f — * / s /y, / t v — * /y^, /„' — > /<*', / c ' — > / s ', /f 

/b'j /<2 * /id /s ^ /c) /& * /t- 



18 The Appearance of the CP- Violating Phase 



The required magnitude of the CP- (or time reversal T- related to CP by CPT theorem 
[63]) violating complex parameter e [64] depends upon the specific choice of theoretical 
model for explaining the K\ — > 2tt decay. From the experimental data it is somewhere 
|e| ~ 2.3x 1CT 3 . In the framework of Kobayashi-Maskawa (KM) parametrization of unitary 
matrix of quark mixing [65], this parameter may be expressed in terms of three Eulerian 
angles of global rotations in the three dimensional quark space and one phase parameter. 
Below we attempt to derive the KM-matrix with an explanation given to an appearance 
of the CP-violating phase. We recall that during the realization of multiworld structure 
the P- violation compulsory occurred in the W- world provided by the spanning eq.(12.1). 
The three dimensional effective space W l v oc (?>) arises as follows: 



(3) 



WT C (3) 3 q v : 

\qUT = - 2 )) 
( ur, d R \ I c R , s r \ I t R , b R \ 



( 



WbJrJ 



\ 



q[ 



( qf \ 

\\q%) I 



( q\° \ 
(qs\ 

\\qrJ / 



(18.1) 
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where the subscript (v) formally specifies a vertical direction of multiplet, the subquarks 
q™{ot. = 1, 2, 3) associate with the local rotations around corresponding axes of three 
dimensional effective space W l v oc {3). The local gauge transformations f v are implemented 



upon the multiplet qf ] = fl xp q^\ where j v exp G SU loc {2) <g> U loc {l). If for the moment 
we leave it intact and make a closer examination of the composition of middle row in 
eq.(18.1), then we distinguish the other symmetry arisen along the horizontal line (h). 
The situation is exactly similar to that discussed in sec. 12: due to the specific structure 
of W-world implying the condition of realization of multiworld connections eq.(5.5) with 

— * 

T ^ 0, Y w 7^ 0, the subquarks q™ tend to be compulsory involved into triplet. They 

— * 

form one "doublet" T ^ and one singlet Y w ^ 0. Then the quarks u' L , c' L and t' L form 
a SO 91 (2) "doublet" and a U 9 \l) singlet 



(«,c' L )t' L ) = {(qf, = qt } e Wf (3), 

«, (c' L , t' L )) = (q?, (q%, qf)) , ((t' L , u' L ) c' L ) = ((#, q?) , . 



18.2) 



Here W[ l (3) is the three dimensional effective space in which the global rotations occur. 
They are implemented upon the triplets through the transformation matrix f^ xp : q'^ = 

fex P Qh\ whicn reads (eq-^S- 2 )) 



J ea 



exp 



(fs3 0\ 

c s 
\ -s c j 



in the notation c = cos^, s = sin6>. This implies the incompatibility relation eq.(3.5.5) 
[1], namely 

WfexpW = /33(/ll/22 ~ /12/21) = ^33^ 123^123 1 1 /^cp 1 1 /33 • (18.3) 

That is 733/3*3 = 1, or / 33 = e tS and ||/ e ^ p || = 1. The general rotation in W% 1 (3) is described 
by Eulerian three angles 6i,6 2 ,0 3 . If we put the arisen phase only in the physical sector 
then a final KM-matrix of quark flavour mixing would result 



(u L ,c L ,t L ) V k _m 
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(u L ,c L ,t L ) 
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S2 
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-si 
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Li L 



{u L ,c L ,t L ) Vk-m-, 
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(u L ,c L ,t L ) 
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si 
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c 3 


e iS 








Id' 




-Mi 


s' 


j =V K - 




\b' 






(18.4) 



The CP- violating parameter e approximately is written [58, 62] e ~ S!S 2 S3 sin 5^0. While 
the spanning W l v oc {2) -> W l v oc {3) eq.(18.1) underlies the P- violation and the expanded 
symmetry G l ° c {3) = SU loc {2) ®U loc {\), the CP-violation stems from the similar spanning 
Wl\2) — > Wf l l (3) eq.(18.2) with the expanded global symmetry group. 
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Tj Tj 

with eq.(7.1)), read m; = —^fi = — ^Eg, where Eg : Eg : Eg = m e : m M : m T , and 
(eq.(14.1)) m Vi = -j^fu, = ~/^ c v^q- m t ne case °f quarks, we admit in analogy that 



19 The Mass- Spectrum of Leptons and Quarks 

The mass-spectrum of leptons and quarks stems from their internal multiworld structure 
eq.(7.1) and eq.(8.1) incorporated with the quark mixing eq.(17.4). We start a discussion 
with the leptons. It might be worthwhile to adopt a simple viewpoint on Higgs sector 
that = i] e = 77 M = i] T = i] Ue = t\ v = i] Ut . According to eq.(5.6), a real dynamical field 
in the state (q^qz)? is the field of subquark qf providing a mass of this state, namely 
q q \Q = ^q- Whence the explicit expressions of the masses of leptons, in accordance 

f_ 

V2 Jt ~ V2' 
V f = rf_ 

rf = i] u = i] d = i] s = i] c = rjb = r) t . Taking into account the eq.(9.1) and eq.(2.2), one 
may write down the expressions of the primary mass parameters of states q^(i = s, c, b, t) 

< = m lwBE)V < = m \ m ,)V < = m lwnm)V < = m \^Y t - According to 
eq.(8.1), we derive the masses of quarks 

V q , V q v3 V q , V q / v i , A V q , V q / v2 , c\ 

m d = -j=U = ^Sq, m s = -j=f s = -j= (Eg + m s ) , m b = -j=f b = -j= (E Q + m b ) , 

m u = ^= | (Eg + Eg) COS 2 6 2 + (Eg + Eg + Sin 2 9 2 - | (Eg + Eg + 

2Eg) sin 2£ 2 } = | (S Q + Eg) cos 2 ^ + (e q + Eg + m, c ) sin 2 6 1 + | (e| + E Q + 
2Eg)sin2^}, 

m c = | (E| + Eg + mi) cos 2 £ 2 + (e q + Eg) sin 2 £ 2 + | (s Q + E 3 g+ 

2Eg) sin 26 2 ) = ^= | (Eg + Eg + m«) cos 2 6 3 + (sj + Eg + m, c ) sin 2 £ 3 - y (s|+ 
Eg + 2Eg)sin2# 3 }, 

m t = | (S Q + Eg + m t c ) cos 2 £ 3 + (s Q + Eg + m°) sin 2 # 3 + y (£q + E Q + 

2Eg) sin 2^3} = ^= I (Eg + Eg + m t c ) cos 2 6, + (e q + Eg) sin 2 ^ - A ( Eq + S Q + 
2Eg) sin 2^}, 

where in view of eq.(17.4) the Cabibbo angles imply 



;i9.i) 



tan2fl 2 = /2(me + m - + 2m ^, tan2g 3 = /3( ^ + me + 2mr) . 

m r — m e + m c m e — m^ + m t — m c 

+ o/) A + "V + 2me ) 
tan 26*1 = — = . 

m M — m T — m t 



(19.2) 
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rf 

This is legitimate for mi = —^=m^, i = s,c, b, t. By making use of eq.(19.1), some useful 

V2 

relations between the masses of leptons and quarks are written 

V q m d , - n rn d 



m d = —m T1 m s = — (m e + m s ) , m h = — (m^ + m b ) 
if m T m T 



m u = 



m e + m M ) cos 2 62 + (m M + m T + m c ) sin 2 #2 — 17 {m e + m r + 



2m^) sin 29 2 } = — - I (m e + m M ) cos 2 #1 + (m T + m e + m t ) sin 2 6 X + ^ (m r + 

T71-J- I ^ 

2m e ) sin 2#i} , 

m c = — - I (m M + m T + m c ) cos 2 # 2 + ( m e + "v) sin 2 #2 + tt ( m e + «V+ 

TYlj- I ^ 

2m^) sin 2# 2 } = — - I + "V + ^c) cos 2 # 3 + (m T + m e + m t ) sin 2 6> 3 — ^ 
m e + 2m T ) sin 2# 3 } , 

m t = — - I (m T + m e + m t ) cos 2 # 3 + (m M + m T + m c ) sin 2 9 3 + ^ (m M + m e + 

2m T ) sin 2# 3 } = — - j (m T + m e + m t ) cos 2 #1 + (m e + m M ) sin 2 6\ — — (m T + 
2m e ) sin 2^i} , 

(19.3) 

where fi = f{ji,y,fi) (i = 1,2,3). From the known values of the r] 1 , angles d{ and 
masses of quarks one may obtain the values of 12 quantities Ti,y, fi,r] q ,fh s ,fh c ,fhb,fht, 
while the explicit form of the functions f(Ti,y,fi) can be inferred from the equation of 
renormalization group. For instance, in approximation to the lowest order (sec. 16) this 
equation reduced to Gell-Mann-Low's equation, which in the scope of perturbation theory 

3tt 9tt 2 V 4 



/(r, /) = / d(r, f) = f + + — - (r 2 + -r) + • • • gives the leading terms as follows: 



£ +....[17]. 



20 Concluding Remarks 

Continuing the program developed in a previous paper [1] we attempt to suggest a mi- 
croscopic approach to the properties of particles and interactions. Within this approach 
the fields have composite nontrivial internal structure. The condition of realization of 
multiworld connections is arisen due to the symmetry of Q-world of electric charge and 
embodied in the Gell-Mann-Nishijima relation. During a realization of multiworld struc- 
ture the symmetries of corresponding internal worlds are unified into more higher sym- 
metry including also the operators of isospin and hypercharge. Such approach enables 
to conclude that possible three lepton generations consist of six lepton fields with in- 
teger electric and leptonic charges and being free of confinement condition. Also three 
quark generations exist composed of six possible quark fields. They carry fractional elec- 
tric and baryonic charges and obey confinement condition. The global group unifying 
all global symmetries of the internal worlds of quarks is the flavour group £77/(6). The 
whole complexity of leptons, quarks and other composite particles, and their interactions 
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arises from the primary field, which has nontrivial multiworld internal structure and in- 
volves nonlinear fermion self-interaction of the components. This Lagrangian contains 
only two free parameters, which are the coupling constants of nonlinear fermion and 
gauge interactions. Due to specific structure of W-world of weak interactions implying 
the condition of realization of multiworld connections, the spanning eq.(12.1) takes place, 
which underlies the P- violation in W-world. It is expressed in the reduction of initial sym- 
metry of the right-handed subquarks. Such reduction is characterized by the Weinberg 
mixing angle with the value fixed at 30°. It gives rise to the expanded local symmetry 
SU(2) <S> U(l), under which the left-handed fermions transform as six independent SU(2) 
doublets, while the right-handed fermions transform as twelve independent singlets. Due 
to vacuum rearrangement in Q-world the Yukawa couplings arise between the fermion 
fields and corresponding isospinor-scalar <^-meson in conventional form. We suggest the 
microscopic approach to Higgs bosons with self-interaction and Yukawa couplings. It in- 
volves the Higgs bosons as the collective excitations of bound quasi-particle iso-pairs. In 
the framework of local gauge invariance of the theory incorporated with the P- violation in 
weak interactions we propose a mechanism providing the Bose-condensation of iso-pairs, 
which is due to effective attraction between the relativistic fermions caused by the ex- 
change of the mediating induced gauge quanta in W-world. The relativism qualitatively 
affects the value of mass of Higgs boson, coupling constant and transition temperature. 
The latter decreases inversely by relativistic factor. We consider the four-component 
Bose-condensate, where due to self-interaction its spin part is vanished. Based on it we 
show that the field of symmetry-breaking Higgs boson always must be counted off from 
the gap symmetry restoring value as the point of origin. Then the Higgs boson describes 
the excitations in the neighbourhood of stable vacuum of the W-world. The resulting 
Lagrangian of unified electroweak interactions of leptons and quarks ensues, which in 
lowest order approximation leads to the Lagrangian of phenomenological standard model. 
In general, the self-energy operator underlies the Yukawa coupling constant, which takes 
into account a mass-spectrum of all expected collective excitations of bound quasi-particle 
pairs arising as the poles. The implication of quarks into this scheme is carried out in 
the same manner except that of appearance of quark mixing with Cabibbo angle and 
the existence of CP-violating complex phase in unitary matrix of quark mixing. The 
Q-components of the quarks u', c' and t' contain at least one identical subquark, due to 
which the partial formfactors gain nonzero values. This underlies the quark mixing with 
Cabibbo angles. In lepton's case these formfactors are vanished and lepton mixing is 
absent. The CP-violation stems from the spanning eq.(18.2) incorporated with the ex- 
panded group of global rotations. With a simple viewpoint on Higgs sector the masses 
of leptons and quarks are given in sec. 19, which lead to some useful relations between 
the masses of leptons and quarks. From these relations one may define the values of 12 
quantities Ti,y, fi,rj q ,rh s ,rh c ,rhb,rh t , where the explicit form of the functions f(Ti,y,fi) 
can be inferred from the equation of renormalization group. 

Although some key problems of particle physics are elucidated within outlined approach, 
nevertheless the numerous issues still remain to be solved. We hope that this approach 
will be an attractive basis for the future theory. 
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